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Introduction 
CIIAPTI R 1 
INTRODUCTION 
Soil salinity is a widespread environmental problem that is posing a 
severe threat to the growth and productivity of many crops (Boyer, 1982). 
Salt stress may damage the plants at three different levels. First, high salt 
and high sodium concentration will change the structure of the soil by a 
decrease in the soil porosity. This can adversely affect both aeration and 
hydraulic conductance of the soil. Second, high salt concentration is 
inextricably linked with water stress. High salt concentration generates low 
water potential, a form of physiological draught, that makes it increasingly 
difficult for plants to acquire both water and nutrients from the soil. A third 
form of injury, particularly in glycophytes, involves toxic effects of specific 
ions, especially Na^ and CI". The excess Na* causes problems with 
membrane, enzyme inhibition and general metabolic disfunctions (Hopkins, 
1995). 
The major biological effect of salinity is the shortening and 
thickening of the plant roots, due to a decrease in cell elongation and their 
growth. This results in the loss of the area of the soil that could have been 
explored for water and minerals. To maintain the growth, the cell undergoes 
osmotic adjustment where by ions and solutes are compartmentalized within 
the vacuole and compatible solutes or osmolytes accumulate in the cytosol 
to offset the high vacuolar ion concentration (Bray, 1993). 
The salt stress leads to a shift in the ratio of various phytohormones, 
that disturbs the physiology, growth and development of the plant as a 
whole (Nilsen and Orcutt, 1996). Increase in salinity induces stomatal 
closure, reduction ion in CO2 partial pressure (Bethke and Drew, 1992). This 
results in partial slowing down of the rate of photosynthesis (Soussi et al., 
1998). The salt stress decreases nitrogen fixation and nitrogen metabolism 
by inhibiting the activity of nitrogenase (Soussi et al., 1998) and nitrate 
reductase (Cramer and Lips, 1995). All these and other such events lead to 
poor plant growth and productivity. 
Brassinosteroids (BRs) belong to a noval group of phytohormones 
that is characterized with significant growth promoting activity in plants 
(Mandava, 1988). BRs even restore the normal responses of the tissue to 
other phytohormones in Arabidopsis mutant by modifying hormonal 
sensitivity (Ephritikhine et al., 1999) and also generate their effect by acting 
at the level of the genes (Mussig and Altmann, 1999). Moreover, BRs have 
an ameliorative role in plants under abiotic and biotic stresses, however, it 
has largely been focused to chilling stress (Clouse and Sasse, 1998). 
Keeping in view the pressing conditions of increased exposure of 
plants to soil salinity, this work was undertaken to explore the possible 
remedial measures by using 28-homobrassinolide on Cicer arietinum. 
Review of Literature 
CUAPTIJ^ 
REVIEW OF LITERATURE 
Salinity is one of the major environmental constraints in some of the 
regions of the world (Boyer, 1982; Serrano and Gaxiola, 1994), limiting 
crop production in tropical and subtropical regions (Ram et al., 1989). The 
extensive irrigation is resulting in the continuous build up of salts in the soil 
which, in turn, limits crop yield and the quality of the produce (Boyer, 
1982). 
The soil rich in salts adversely effects the vegetative and 
reproductive growth of plants through osmotic as well as specific ionic 
effects (Levitt, 1980). Salt stress is recognized for its impact on growth of 
glycophytes (Delgado et al., 1993) biomass production in rye grass (Sagi et 
al., 1997), the growth and symbiotic performance of legumes (Soussi et al., 
1999), the number and mass of nodules and their yield potential (Lakshmi et 
al. 1974; Balasubramanian and Sinha, 1976; Tu, 1981). In legumes, salt 
stress limits the productivity, which is related to the poor vegetative growth 
of host plants, root nodule bacteria, symbiotic development and nitrogen 
fixation capacity (Yousef and Sprent, 1983; Zahran and Sprent, 1986). 
Chickpea (Cicer arietinum L.) is considered to be sensitive to salt stress, 
which effects its vegetative growth (Dua, 1992; Rao and Sharma, 1995), 
nodulation and nitrogenase activity (Elsheikh and Wood, 1990; Sheokand et 
al., 1995). An increase in the concentration of the salts, proportionately 
decreases the dry mass in Cicer arietinum (Soussi et al., 1999) and Oryza 
sativa (Sultana et al., 1999) and delays nodulation (Ram et al., 1989). 
Soil salinity is claimed to decrease the photosynthetic carbon 
metabolism, leaf chlorophyll content as well as photosynthetic efficiency 
(Seeman and Critchley, 1985; Sharkey et al., 1985). The net photosynthetic 
rate of many plant species declined with increasing rhizospheric salinity 
(Downton, 1977; Longstreth and Nobel 1979; Helal and Mengel, 1981; 
Kemp and Cunningham 1981; Walker et al. 1982). 
Despite a decrease in the net photosynthetic rate, a boost in nodular 
carbohydrate content, predominantly that of sucrose, has been reported in 
the nodules of alfalfa (Fougere et al., 1991), white clover (Gordon and 
James, 1997) and chickpea (Soussi et al., 1998). Salt stress, predominantly 
leads to the accumulation of ammonium ions, nitrate and free amino acids 
(Hatata, 1982; Pessarakli et al., 1989), nitrogen in chickpea nodules (Ram et 
al., 1989) and tend to depress the activity of the enzymes, involved in 
ammonium assimilation (Soussi et al, 1998). In Viciafaba, the activity of 
glutamin synthetase (GS) proved to be inhibited, to a greater degree, than 
NADH-glutamate synthase (NADH-GOGAT) by salinity (Cordovilla et al, 
1994). 
Leghemoglobin, the hemoprotein present in the nodules of legumes, 
regulates the O2 concentration in the bacteroid containing nodule cells 
(Appleby, 1984). The salt stress has been found to reduce the leghemoglobin 
content in the nodules of chickpea (Ram et al., 1989) and pea (Siddiqui and 
Kumar, 1985; Delgado et al., 1993). Similarly, water stress also decreases 
the leghemoglobin content in the nodules of Medicago sativa (Becana et al. 
1986; Irigoyen et al 1992a) and Viciafaba (Guerin et al., 1990). 
Nitrate reductase (NR), the primary enzyme in the nitrate 
assimilation pathway, is a limiting factor in plant growth and development 
(Solomonson and Barber, 1990) and its level is influenced by a variety of 
environmental factors (Crawford, 1995). However, the observations in 
relation to soil salinity have frequently been contradictory. At the level of 
the tomato roots, NR activity was slightly decreased by salinity but it 
decreased sharply in the leaves (Cramer and Lips, 1995). However, in 
tomato and cucumber plants, supplemented with NO3, exhibited an increase 
in leaf NR activity at each level of salinity, studied (Martinez and Cerda, 
1989). In vitro NR activity in roots of soybean plants, grown with 100 mM 
NaCl was higher than in control plants, but leaf NR activity remained 
unaffected (Bourgeais-Chaillou et al., 1992). In perennial ryegrass, NR 
activity was not affected by NaCl stress (Ourry et al., 1992), but decreased 
in barley seedlings (Aslam et al., 1984) and annual ryegrass (Sagi et al., 
1997). 
The salt stress is reported to enhance the level of free amino acids in 
plants (Hatata, 1982; Pessarakli et al, 1989). The amino acid, proline, an 
indicator of salt and water stress (Perez-Alfocea et al, 1994; Fedina and 
Popova, 1996) accumulates both in the salinized leaves and grains of rice 
(Sultana et al, 1999) and the leaves of sugar beet (Ghoulam et al, 2002). 
Soil salinity imposes osmotic stress due to high ion concentration and 
consequently low soil water potential (Hopkins, 1995). The water stress 
increases the concentration of proline in the leaves of barley (Riazi et al., 
1985), leaves and nodules of chickpea (Soussi et al., 1998) and the 
nodulated plants of alfalfa (Irigoyen et al., 1992). 
Changes in gene expression have been reported in salt stressed 
roots. The accumulation of mRNAs and proteins has been observed in the 
roots of salt tolerant genotypes (Gulick and Dovorak, 1987; Ramagopal, 
1987a,b; Hurkman et al, 1989; Chen and Tabaezadeh, 1991; Chen et al, 
1999). Interestingly, salt induced changes in polypeptide synthesis are often 
more pronounced in the roots compared to the shoot (Gulick and Dovorak, 
1987; Ramagopal 1987a,b). In tomato roots, salt stress enhances the 
biosynthesis of abscisic acid (Zeevaart and Creelman, 1988) which is 
positively correlated with the accumulation of proteins (Chen and Plant, 
1999). 
The ill effect of salinity on the physio-chemical activities, during 
reproductive phase, in rice is closely related with the low photosynthetic rate 
and translocation of photosynthates which are felt to be responsible for poor 
grain filling and its production (Sultana et al., 1999). Similarly, salinity 
induced reduction in seed yield in chickpea (Ram et al., 1989), cowpea 
(Imaba, 1973), cowpea and mungbean (Balasubramanian and Sinha, 1976) 
and pea (Siddiqui and Kumar, 1985) are also reported. 
Plants possess the ability to synthesise a large variety of steroids 
whose functions have recently been assigned. These substances are classifed 
under the name "brassinosteroids" (BRs) and are recognized as a new class 
of phytohormones (Mandava, 1988). The BRs are of ubiquitous occurrence 
in plant kingdom. More than 40 structurally and functionally related steroids 
have been identified from various natural resources (Khripach et al., 2003). 
It is quite evident that BRs are obligatory plant constituents whose 
maximum concentrations are located in the reproductive organs and 
embryonic tissues (Sasse et al., 1998). BRs are integrated components of 
hormonal spectrum, influencing the balance of various hormones, in plants 
(Ephritikhine et al, 1999). BRs influence cellular elongation through their 
effects on gene expression (Mussig and Altmann, 1999). The restoration of 
normal development of the mutant, lacking the capability to synthesize BRs 
by exogenous application of BRs, demonstrates their close involvement in 
the regulation of plant growth (Altmann, 1999). The response of plants to 
BRs has been demonstrated, in several bioassays, under laboratory 
conditions (Gregory and Mandava, 1982; Wada et al., 1985; Mandava, 
1988; Kohout et al., 1991). The responses, however, depend on the 
concentration of brassinosteroid used in the assay (Wilen et al., 1995). 
Leaf-applied, 28-homobrassinolide (HBR) increased plant fresh and 
dry mass in mustard (Hayat et al., 2000, 2001). Similarly, 24-epibrassinolide 
(EBR), sprayed on the foliage, enhanced plant height, root and shoot length, 
their fresh and dry mass in Cicer arietinum (Singh et al., 1993) and Arachis 
hypogea (Vardhini and Rao, 1998). 
Vardhini and Rao (1999) observed an increase in the number of 
nodules, fresh mass of nodulated roots and nitrogenase activity in Arachis 
hypogea whose leaves were sprayed with different BRs. However, a 
decrease in the root length and nodule number was noted in Lens culinaris 
plants raised from the seeds given pre-sowing soaking treatment with 28-
homobrassinolide (Hayat and Ahmad, 2003). 
Leaf-applied 28-homobrassinolide enhanced the total chlorophyll 
content and chlorophyll a/b ratio in wheat and mustard (Braun and Wild, 
1984), maize (Shen et al., 1990), mungbean (Bhatia and Kaur, 1997) and 
mustard (Hayat et al., 2000, 2001a). Even the net photosynthetic rate in the 
plants of Brassica juncea sprayed with HBR was also improved (Hayat et 
al, 2000, 2001a). Pre-sowing seed treatment in mungbean, with HBR, also 
increased the leaf-chlorophyll content (Fariduddin et al., 2003). 
Brassinosteroids are reported to have enhanced nitrate reductase 
(NR) activity in rice (Mai et al., 1989), maize (Shen et al., 1990), chickpea 
(Singh et al, 1993), wheat (Hayat et al, 2001b) and lentil (Hayat and 
Ahmad, 2003). Moreover, leaf-applied 28-homobrassinolide increased the 
activity of the other enzyme, carbonic anhydrase (CA), in mustard (Hayat et 
al., 2001a). 
The phytohormones are recognized to regulate plant growth by 
involving transcription and/or translation (Key, 1969). Kalinich et al. (1985) 
reported an increase in the level of RNA, DNA and protein in the hypocotyls 
and epicotyl sections of Phaseolus aureus and Phaseolus radiatus, treated 
with BR, like other hormones. Similarly, Chlorella vulgaris also exhibited 
higher nucleic acid and protein contents in response to BRs (Bajguz, 2000). 
An increase in DNA and RNA contents and enhanced activity of RNA 
polymerase and reduced activities of DNAase and RNAse were also 
observed in mungbean seedlings treated with EBR (Wu and Zho, 1993). 
The application of BRs favoured the growth and productivity in 
wheat (Sairam, 1994), mungbean (Bhatia and Kaur, 1997), rice, wheat, 
potato, groundnut, mustard and cotton (Ramraj et al., 1997), groundnut 
(Vardhini and Rao, 1998), rice (Krishnan et al., 1999), mustard (Hayat et al. 
2000, 2001a) and lentil (Hayat and Ahmad, 2003). The production of 
watermelon and its quality was also improved by BRs (Wang et al., 1994). 
Moreover, the abscission of young flowers was delayed and berries in grape, 
matured early by BR treatment (Xu et al., 1994). 
The effect of various stresses on plants may be overcome by BR 
treatment. Green house and field trials have shown that BRs help to 
overcome the stresses exerted by low and high temperature, draught, 
infection and agricultural chemicals (Mandava, 1988). The growth of rice 
and tomato plants remained unaffected, at low temperature stress, if given 
prior treatment with BRs (Kamuro and Takatsuto, 1991). Similar 
observations have also been reported by He et al. (1991) and Katsumi 
(1991) in maize and cucumber seedlings. BRs treatment provided protection 
to wheat leaf from heat shock (Kulaeva et al., 1991) and Chinese cabbage 
and rice plants from pathogen attack and salt injury, respectively (Cutler, 
1991). In rice, the treatment with 24-epibrassinolide reduced electrolyte 
leakage, during chilling (1-5°C) and also lowered the contents of 
melonaldehyde and superoxide dismutase. However, the level of ATP and 
that of proline were enhanced. The improvement in resistance was attributed 
to BR induced effects on membrane stability and osmoregulation (Wang and 
Zeng, 1993). EBR slightly increased freezing tolerance of brome grass cell 
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cultures, but markedly enhance the cell viability following exposure to high 
temperature stress (Wilen et ah, 1995). The ill effects of water stress in 
wheat (Sairam, 1994) and Cicer arietinum (Singh et al., 1993) were also 
overcome by BRs treatment. Moreover, BRs regulated the rate of stomatal 
transpiration in sorghum plants, grown under water stress (Xu et al., 
1994 a,b). 
BRs have been observed to overcome the percentage and the rate of 
seed germination of Eucalyptus camaldulensis (Sasse et al., 1995) and 
groundnut (Vardhini and Rao, 1997), exposed to salt/salinity stress, 
respectively. Moreover, salt tolerance is also claimed in the plants of rice 
(Takematsu et al., 1986; Takeuchi, 1992) and barley (Kulaeva et al, 1991) 
treated with BRs. 
It may be resolved from the observations, reviewed above, that 
unlike the other phytohormones specific roles can not be assigned to this 
group of phytohormone, unless additional plant functions with different 
group of plants are explored. One of the main objectives that has been 
picked in the present study is to evaluate the response of Cicer arietinum 
plants, grown under salt stress, to the application of 28-homobrassinolide. 
Materials and Methods 
CI I API! R 
MATERIALS AND METHODS 
3.1 Proposed study 
To achieve the objective/s, framed in chapter one, following studies 
were coivducted in the plants of chickpea {Cicer arietinum L.), grown under 
the stress of sodium chloride (NaCl). 
3.2 Seeds 
The seeds of Cicer arietinum L. cv. KPG-59 were purchased from 
National Seed Corporation Ltd., Pusa, New Delhi. Healthy seeds were 
surface sterilized with 0.01% aqueous solution of mercuric chloride (HgCl2) 
followed by repeated washing with double distilled water (DDW). 
3.3 Experiment 
The experiment was conducted to study the effect of 28-
homobrassinolide on salinity (NaCl) induced changes in chickpea in the 
following manner : 
(A) The surface sterilized seeds were soaked for 8 hours, in DDW 
(control)/aqueous solution of HBR 10"* or 10'"'M)/NaCl (1 or 10 
mM). 
(B) The seeds were soaked in aqueous solution of NaCl (1 or 10 mM) for 
4 hours followed by washing with DDW (to remove adhering NaCl) 
and re-soaking the seeds in aqueous solution of HBR (10'* or 10''°M) 
for additional 4 hours. 
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(C) The surface sterilized seeds were soaked in aqueous solution of HBR 
(10'* or 10''°M) for 4 hours followed by washing with DDW (to 
remove adhering HBR), and re-soaked in aqueous solution of NaCl (1 
or 10 mM) for additional 4 hours. 
These treated seeds were washed with DDW, to remove adhering 
solution, and inoculated with specific Rhizobium. The sowing was done in 
earthen pots (10 inch diameter) filled with sandy loam soil and farmyard 
manure (mixed in the ratio of 6:1). The plants were sampled at 60, 90 and 
120 days after sowing (DAS) to make the following observations. 
1. Plant dry mass 
2. Nodule number 
3. Nodule fresh and dry mass 
4. Nitrogenase activity (at 60 DAS) 
5. Leghemoglobin content in fresh nodules 
6. Nodule nitrogen content 
7. Nodule carbohydrate content 
8. Nitrate reductase activity in leaves 
9. Carbonic anhydrase activity in leaves 
10. Leaf chlorophyll content 
11. Leaf protein content and 
12. Leaf proline content 
The remaining plants were allowed to grow to maturity to study the 
following characteristics, at harvest: 
1. Number of pods per plant 
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2. Number of seeds per pod 
3. Seed yield per plant 
4. 100 seed weight 
5. Seed protein content 
3.3.1 Dry mass per plant 
The plants were uprooted and washed under running tap water and 
dried in hot air oven, run at 80°C, for 24 hours. The samples were weighed 
to obtain dry mass. 
3.3.2 Nodule number per plant 
The whole mass of the soil was taken out of the pot and placed in 
bucket, filled with water. The plants were moved to uproot them with no 
damage to the nodules. The roots were washed, under the running tap water, 
and the number of nodules was counted. 
3.3.3 Nodule fresh and dry mass 
The nodules from each plant were picked and weighed. The nodules 
were then transferred to petriplates for overnight drying in an oven, run at 
80°C. This dried material was weighed to obtain dry mass of nodules per 
plant. 
3.3.4 Nitrogenase activity in nodules 
The nitrogenase activity was assayed adopting the procedure of 
Hardy et al. (1968). Assays were carried out immediately after harvesting 
the plants. Nodulated roots were cut and shaken slowly to remove attached 
soil particles. Samples were assayed in 30 cm^ sized glass tubes sealed with 
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a subseal to allow it to be pierced by an hypodermic needle bearing a 
syringe, 10% (v/v) of air was withdrawn from the sample container and 
replaced by an equal volumes of acetylene gas. After 1 hour incubation at 
room temperature, 0.5 cm^ of gas was injected into a gas chromatograph 
(Nucon series 5500) equipped with a flame ionization detector to detect the 
ethylene gas passed. The results were expressed in terms of nano moles of 
ethylene formed/g nodule fresh mass/hour. 
3.3.5 Leghemoglobin content, in fresh nodules 
The leghemoglobin content, in fresh nodules was estimated 
following the method described by Sadasivam and Mannickam (1992). 
200 mg fresh nodules were mixed with 3 cm^ of 0.1 M phosphate 
buffer (Appendix 1.1) and macerated in a mixer followed by filtration 
through two layers of cheese cloth. The nodule debris was discarded. The 
turbid reddish brown filtrate was centrifuged at 10,000 g for 10-30 minutes. 
3 cm^ of pyridine reagent (Appendix 1.2) was added to 3 cm^ of 
extract and mixed. The solution become greenish yellow due to the 
formation of hemochrome. 
The hemochrome was divided equally into two test tubes. To one 
test tube, a few crystals of potassium hexacyanoferrate were added to 
oxidise the hemochrome and read at 539 nm on spectrophotometer 
(Spectronic 20 D, Milton Roy, USA). To the other test tube a few crystals of 
sodium dithionate were added to reduce the hemochrome. This mixture was 
read at 556 nm after an interval of 2-5 minutes, against a reagent blank. 
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The leghemoglobin content (mM) was calculated by using the 
formula: 
A556 - A539 
Lb concentration (mM) = x 2D 
23.4 
where D is initial dilution 
A556 and A539 are absorbance at 556 and 539 nm, respectively, 
3.3.6 Nodule nitrogen content 
The nodule nitrogen content was estimated by employing the 
method of Lindner (1944). 
3.3.6.1 Digestion of nodule powder : 50 mg of the oven dried powder was 
transferred to a digestion tube to which 2 cm^ sulphuric acid (AR grade) was 
added. The digestion tube was heated on temperature controlled digestion 
assembly for 2 h to allow the complete reduction of nitrogen present in the 
material. After cooling the digestion tube for about 15 minutes 0.5 cm^ of 
30% H2O2 was added drop by drop and the solution was heated again until 
the colour turns from black to light yellow. Again after cooling for 30 
minutes an additional 3-4 drops of 30% H2O2 were added followed by 
heating for about 15 minutes. The process was repeated till the contents of 
digestion tube turned colourless. This digested material was transferred to a 
50 cm^ volumetric flask after 2-3 washings. The final volume was made 
upto the mark by using DDW. 
3.3.6.2 Estimation of nitrogen : 10 cm^ of this digested material was taken 
in a 50 cm'' volumetric flask and neutralized by adding 2 cm^ of 2.5N NaOH 
(Appendix 2.1) and 1% sodium silicate (Appendix 2.2). Volume was made 
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upto the mark by using DDW. 5 cm^ of this sample was pipetted into a 
graduated test tube to which 0.5 cm^ Nessler's reagent was added dropwise, 
with repeated shakings. The final volume was made upto 10 cm^ with DDW. 
After waiting for 5 minutes, to get optimum colour development, absorbance 
of solution was read at 525 nm on a spectrophotometer (Spectronic 20 D, 
Milton Roy, USA). A blank consisting of Nessler's reagent and DDW was 
run simultaneously with each set of samples. Standard curve was plotted by 
using known, graded dilutions of ammonium sulphate solution. The 
absorbance of each sample was compared with that of the calibration curve 
and per cent nitrogen, in each sample, was computed on dry mass basis. 
3.3.7 Estimation of total carbohydrate content in nodules 
The carbohydrates were extracted from the samples following the 
method of Yih and Clark (1965) and estimated by adopting the procedure of 
Dubois e/a/. (1956). 
50 mg of dried nodule powder was transferred to a glass centrifuge 
tube containing 5 cm^ of 1.5N H2SO4 (Appendix 3.1). The sample was 
centrifuged at 4,000 rpm for 10 minutes. The supernatant was decanted into 
a 25 cm^ volumetric flask with two washings of residue with DDW. The 
volume was made upto the mark using DDW. 1 cm^ of this extract was taken 
in a test tube to which 1 cm^ of 5% distilled phenol (Appendix 3.2) was 
added. The test tube was placed in chilled water and 5 cm^ of concentrated 
H2SO4 (AR) was added. The absorbance was read at 490 nm on 
spectrophotometer. A blank was run simultaneously with each set of 
samples. Standard curve was plotted by using known graded dilutions of 
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glucose solution. The absorbance of each sample was compared with 
calibration curve and per cent carbohydrate content was noted on dry mass 
basis. 
3.3.8 Nitrate reductase (NR) activity 
The activity of nitrate reductase was measured following the method 
laid down by Jaworski (1971), in fresh leaf samples. 
The leaves were cut into small pieces (1 cm^). 200 mg of these 
chopped leaves were weighed and transferred to plastic vials. To each vial 
2.5 cm^ of phosphate buffer pH 7.5 (Appendix 4.1) and 0.5 cm^ of 
potassium nitrate solution (Appendix 4.2) was added followed by the 
addition of 2.5 cm^ of 5% isopropanol (Appendix 4.3). These vials were 
incubated in BOD incubator for 2 h at 30±2°C in dark. 0.4 cm^ of incubated 
mixture was taken in a test tube to which 0.3 cm^ each of sulphanilamide 
solution (Appendix 4.4) and NED-HCl (Appendix 4.5) were added. The test 
tube was left for 20 minutes, for maximum colour development. The mixture 
was diluted to 5 cm^ with DDW. The absorbance was read at 540 nm on 
spectrophotometer. A blank was run simultaneously with each sample. 
Standard curve was plotted by using known graded concentrations of NaN02 
(sodium nitrite) solution. The absorbance of each sample was compared with 
that on the calibration curve and nitrate reductase activity (nm g'h"') was 
noted on fresh mass basis. 
3.3.9 Carbonic anhydrase (CA) activity 
The carbonic anhydrase activity in the leaves was measured by 
following the method described by Dwivedi and Randhava (1974). 
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The fresh leaf samples were cut into small pieces at a temperature 
below 25*'C. 200 mg of these pieces were weighed and transferred to 
petriplates. The leaf pieces were cut further into smaller pieces in 10 cm^ of 
0.2M cystein hydrochloride (Appendix 5.1) and left at 4°C for 20 minutes. 
The leaf pieces were blotted and transferred to a test tube containing 4 cm^ 
of phosphate buffer of pH 6.8 (Appendix 5.2). To this test tube, 4 cm^ of 
0.2M sodium bicarbonate (Appendix 5.3) solution and 0.2 cm^ of 0.002% 
bromothymol blue (Appendix 5.4) was added. The test tube was shaken 
gently and left at 4*0 for 20 minutes. CO2 liberated by the catalytic action of 
CA on NaHCOs was estimated by titrating the reaction mixture against 
O.OIN HCl (Appendix 5.5) using methyl red (Appendix 5.6) as indicator. In 
each sample the quantity of HCI used to neutralize reaction mixture was 
noted and difference was calculated. A blank consisting of all the above 
components of reaction mixture, except the leaf sample, was run 
simultaneously with each set of samples. The activity of the enzyme was 
calculated by putting the values in the formula 
V X 22 X N 
[mol (C02)kg' (leaf F.M.)s-'] 
W 
V = difference in volume (cm^ of HCl used in control and test sample 
titration). 
22 = equivalent weight of CO2 
N = Normality of HCl 
W = Fresh mass of tissue used 
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3.3.10 Chlorophyll content 
The chlorophyll content in the fresh leaf was estimated following 
the method worked out by Mackinney (1941). 
1 g of finely cut fresh leaves was ground to a fine pulp using a 
mortar and pestle after pouring 20 cm^ of 80% acetone. The mixture was 
centriftiged at 5,000 rpm for 5 minutes. The supernatant was collected in 
100 cm^ volumetric flask. The residue was washed three times, using 80% 
acetone (Appendix 6). Each washing was collected in the same volumetric 
flask and volume was made upto the mark, using 80% acetone. The 
absorbance was read at 645 and 663 nm against the (80% acetone) blank on 
spectrophotometer. The chlorophyll content present in the extract (mg kg"' 
tissue) was calculated using the following equations : 
V 
mg chlorophyll a kg"' tissue = 12.7 (A663) - 2.69 (A645) x 
lOOOxW 
V 
-1 
mg chlorophyll b kg"' tissue = 22.9 (A645) - 4.68 (A663) x 
lOOOxW 
A = absorbance at specific wavelengths 
V = final volume of chlorophyll extract in 80% acetone 
W = fresh mass of tissue, used for extraction 
3.3.11 Proline content 
The proline content in fresh leaves was estimated following the 
procedure used by Bates et al. (1973). 0.5 g of fresh leaf sample was 
homogenized in a mortar with 5 cm^ of 3% sulphosalicyclic acid (Appendix 
20 
7.1). The homogenate was filtered through Whatman filter paper No. 2 and 
collected in a test tube with two washings with 5 cm^ of sulphosalicyclic 
acid. 2 cm^ each of glacial acetic acid and acid ninhydrine (Appendix 7.2) 
was added to 2 cm^ of the above extract. This mixture was heated in boiling 
water for Ih. The reaction was terminated by transferring the test tubes to 
ice bath. 4 cm^ of toluene was mixed to the reaction mixture with vigorously 
shaking, for 20-30 seconds. The chromophore (toluene) layer was aspirated 
and warmed to room temperature. The absorbance of red colour was read at 
520 nm against a reagent blank. The amount of proline in the sample was 
calculated by using a standard curve prepared from pure proline (range 0.1-
36 |i mol) and expressed on fresh mass basis of the sample. 
fig proline cm' x cm toluene 5 
p, moles of proline g'* tissue = x 
115.5 g (sample) 
where, 115.5 is the molecular mass of the proline. 
3.3.12 Protein content 
The total protein content in leaves and seeds was estimated by 
adopting the methodology of Lowry et al. (1951). 
50 mg of the oven dried leaf/seed powder was transferred to a 
mortar. The sample was ground with the addition of 1 cm^ of 5% 
trichloroacetic acid (Appendix 8.1). The pulp was transferred to a glass 
centrifuge tube with repeated washings with 5% TCA to make the final 
volume 5 cm^ The mixture was centrifuged at 4,000 rpm for 15 minutes and 
the supernatant was discarded. 5 cm^ of IN NaOH (Appendix 8.2) was 
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added to the residue. The tube was left in a water bath at 60°C for 30 
minutes. After cooling for 15 minutes, the mixture was centrifuged at 4,000 
rpm for 15 minutes. The supernatant was collected in 25 cm^ volumetric 
flask with repeated washings. Volume was made upto the mark by using IN 
NaOH and used to estimate total protein content. 
1 cm^ of above extract was transferred to a test tube and 5 cm^ of 
reagent C (Appendix 8.3) was added to it. The solution was shaken well and 
allowed to stand at room temperature for 15 minutes. 0.5 cm of Folin 
phenol reagent (Appendix 8.4) was added rapidly with immediate mixing. 
The blue colour developed. The absorbance of this solution was read at 660 
nm using spectrophotometer. A blank was run with each set of samples. The 
total protein content was calculated by comparing the absorbance of each 
sample with a calibration curve plotted by taking known graded 
concentrations of bovin albumin. 
3.3.13 Number of pods per plant 
At harvest (160 days after sowing), 9 plants (3 from each replicate) 
from each treatment were randomly sampled and counted for the number of 
pods per plant. 
3.3.14 Number of seeds per pod 
25 pods from each treatment were randomly selected for computing 
the number of seeds per pod. 
3.3.15 Seed yield per plant 
The pods from four plants, representing each treatment, were 
crushed, cleaned to assess the seed weight per plant. 
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3.4 Statistical analysis 
The values for various parameters of the plants were subjected to 
statistical analysis by following the standard procedures described by 
Gomez and Gomez (1984). The 'F' test was applied to assess the 
significance of the treatment, at 5% level of probability. Critical difference 
(CD), among the treatments, was calculated by putting the values of various 
components in the following formula : 
Standard Error x 2 
CD. = / X t (value) 5% 
Replicates 
Experimental Results 
cnAPTi : R - 4 
EXPERIMENTAL RESULTS 
4.1 Plant dry mass 
Plant dry mass was significantly affected by the treatment and 
increased with the advancement of the age of the plant (Table 1). The values, at 
all the stages of growth, were maximum in the plants raised from the seeds 
soaked in HBR alone. An increase of 33.7, 35.25 and 26.82%, over the control 
was recorded at 60, 90 and 120 days after sowing (DAS) in the plants raised 
from the seeds pre-treated with 10'* M of HBR. It was closely followed by the 
treatment with the lower concentration (10''°M) of HBR. However, the values 
decreased if the pre-sowing seed treatment was done by either of the 
concentrations of NaCl (1 or 10 mM). The weight loss was quite significant at 
60, 90 and 120 day stages where the values decreased by 15.06, 12.13 and 
16.35% compared with the control, in the plants raised from seeds treated with 
10 mM of NaCl. Irrespective of the pattern of the treatment, either of the 
concentrations of HBR (10'VIO"'"M) overcame the ill effect, generated by NaCl 
treatment and the values were comparable with the control. 
4.2 Nodule number per plant 
The values for the nodule number increased up to day 90 but 
decreased, thereafter (Table 2). The treatment of seeds with HBR prior to 
sowing raised the nodule number significantly. Higher concentration (10"* M) 
of hormone was more effective than the lower (10"'"M) concentration. In the 
former the values were 23, 30 and 33% higher at 60, 90 and 120 DAS than the 
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control, respectively. However, NaCl decreased the values where it was 38.18, 
34.29 and 35.85% less with lOmM, at 60, 90 and 120 DAS, compared with the 
control. The ill effect generated by the NaCl treatment was completely over 
come in cases where the concentration of NaCl used was low( ImM) and that 
of the HBR was higher (lO'^ M). Here the values were comparable with those of 
the control hrespective of the pattem of the treatment. 
4.3 Nodule fresh mass per plant 
Nodule fresh mass followed a pattem comparable with that of the 
nodule number (Table 3). Both the concentrations (lO'VlC'V) of HBR 
improved the nodule fresh mass, however, 10'*M proved to be more effective. 
At the three stages of sampling (60, 90 and 120 DAS) the plants raised from the 
seeds pre-treated with 10"*M of HBR had maximum increase of 27.34, 31.14 
and 26% over the control. However, the values compared with the control, 
decreased with NaCl treatment and were proportionate with its concentration, 
being 16.47, 14.83 and 18.46% less at 60, 90 and 120 d stage, respectively. The 
damage caused by NaCl was partially overcome by the lower concentration 
(10"'°M) of HBR but was completely neutralized by higher concentration 
Q 
(10-°M) and more specifically in the cases where NaCl concentration was low 
(ImM). 
4.4 Nodule dry mass 
The dry mass of nodules increased upto day 90 but decreased, 
thereafter (Table 4). The treatment of seeds prior to sowing with NaCl 
decreased nodule dry mass, where higher concentration (10 mM) was more 
inhibitory. However, nodule dry mass of plants raised from the seeds soaked in 
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HBR was significantly higher as compared to water soaked control. The values 
obtained with both the concentrations (10"'° or 10"'M) were statistically at par 
to each other. The ill effect generated by NaCl treatment was completely 
overcome in cases where the concentration of HBR used was higher (10"*M) 
and that of NaCl was lower ( ImM). Here the values were statistically at par 
with those of the water soaked control, irrespective of the pattern of the 
treatment. 
4.5 Nodule nitrogenase activity 
The activity of nitrogenase was favoured if the per-sowing seed 
treatment with HBR was given but decreased in cases where NaCl was used for 
the treatment. Out of two concentrations of HBR, the higher concentration 
(lO'^ M) was more effective than the lower concentration (lO'^ '^ M), however, in 
both the cases values were highly significant. The effect of salt was overcome 
by HBR treatment in cases where 10'*M of the hormone was employed with 
low level (ImM) of NaCl, the values were comparable with those of the 
control. 
4.6 Leghemoglobin content 
The loghemoglobin content increased upto 90 d stage but decreased, 
thereafter (Table 6). Either concentrations (10'*M/10"'V) of HBR significantly 
increased the leghemoglobin content. However, the higher concentration (10" 
*M) proved better than the other where the values were 25, 28.57 and 22.85% 
higher at 60, 90 and 120 d stage than the control, respectively. Unlike HBR, 
either concentrations of NaCl ( ImM or lOmM) decreased the leghemoglobin 
content. The higher concentration was more injurious where the values were 
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12.5, 16.66 and 17.14% lower than the control at 60, 90 and 120 d stage, 
respectively. This ill effect was not only overcome by HBR but the values were 
significantly higher with 10"*M of HBR, over the control at all the stages of 
sampling. 
4.7 Nodule nitrogen content 
The values for nodule nitrogen also increased upto day 90 and 
decreased, thereafter (Table 7). Unlike other parameters, the nodule nitrogen 
content was lower in the plants, raised from HBR treated seeds, than the 
control. The treatment of the seeds with NaCl favoured the nodule nitrogen 
content where the higher concentration (10 mM) was quite prominent in its 
effect particularly when fed alone or as a followup treatment after HBR. 
4.8 Nodule carbohydrate content 
The nodule carbohydrate content followed a pattern similar to other 
parameters during the plant growth (Table 8). Like that of nitrogen the 
treatment of the seeds with either of the concentrations of HBR decreased the 
carbohydrate level in the nodules of resulting plants. The higher concentration 
Q 
(10' M) of HBR decreased it more significantly than the lower concentration 
(lO'^ ^M). Highly significant values were recorded in the nodules of the plants 
developed from NaCl treated seeds where maximum values were noted with 
the soaking in lOmM NaCl, being 20.57, 23.71 and 23.49% higher than that of 
control. Significantly higher values were observed in the combinations where 
HBR was followed with NaCl teatment and that too where HBR is at lower 
concentiation (10''°M) and NaCl is at either of the concentrations (1 
mM/lOmM). 
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4.9 Leaf nitrate reductase (NR) activity 
A progressive increase in NR activity was observed as the growth 
progressed, upto day 90 (Table 9). The plants raised from the seeds pre-treated 
with HBR possessed higher NR level but the values were significantly different 
from that of the control. Out of the two concentrations, 10"*M was more 
effective which enhanced the values by 20.59, 22.77 and 25.38%, over the 
control, at 60, 90 and 120 day stages, respectively. The pre-sowing treatment 
with NaCl proved inhibitory in its effect and the degree of inhibition was 
dependent on its concentration. However, the treatment with the higher 
concentration (lO'^ M) of HBR before/after NaCl (1 mM) treatment completely 
overcame the ill effect where the values were significantly higher than the 
control. 
4.10 Leaf carbonic anhydrase (CA) activity 
The activity of CA also increased upto day 90 (Table 10). Either of the 
concentrations of HBR (10"*M or 10 ' '^) significantly improved the enzyme 
activity. Out of them 10" M was more prominent in its effect than 10" M. The 
values in this case were 28.62, 31.00 and 23.51% higher than the control at 60, 
90 and 120 DAS, respectively. On the other hand, pre-sowing soaking 
treatment with NaCl (ImM/lOmM) significantly decreased the activity of the 
enzyme. This ill effect, particularly that of the lower concentration (ImM) of 
NaCl was completely overcome by the higher concentration (10"*M) of HBR 
and the values were comparable with that of the control. 
4.11 Cliloropliyll content 
The content of chlorophyll (a and b) in the leaves increased upto day 
90 and decreased, thereafter, irrespective of the treatment. The leaves of the 
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plants raised from the seeds soaked in either concentrations (1 mM or 10 mM) 
of NaCI possessed significantly lower chlorophyll content at all the stages of 
sampling than the control. However, there was a significant increase in the 
level of chlorophyll in the leaves of the plants that received HBR as pre-sowing 
soaking treatment. The higher concentration (lO'^ M) generated better response 
as compared to the lower concentration (lO'^ ^M). The ill effect generated by 
NaCl treatment was completely reversed by the higher concentration (10" M) of 
HBR. The values were comparable to water soaked control (Table 11). 
4.12 Leaf protein content 
The level of the protein increased upto day 90 but decreased at day 
120 (Table 12). The leaves of the plants raised from the seeds, pre-treated with 
NaCl or HBR, had values significantly higher, for the protein content, than the 
control. Similarly the two combinations of the treatments of NaCl and HBR, 
resulted in significantly higher values than the control. However, one thing is 
prominent that higher concentration (lO'^ M) of HBR interacted more 
significantly with either of the NaCl concentration in generating the values for 
leaf protein content. 
4.13 Leaf proline content 
Unlike other parameters, the leaf proline content exhibited a 
progressive increase with the age of the plant (Table 13). The'plants raised 
from the seeds soaked in HBR (10"*M/10''°M) alone, possessed proline level 
below that of the control. However, pre-sowing seed soaking treatment with 
NaCl significantly enhanced the proline level where the higher concentration 
(10 mM) was more effective, increasing its level by 36.20, 32.32 and 28.18% 
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over the control, at 60, 90 and 120 d stage, respectively. The effect of the lower 
concentration (ImM) of NaCl was overcome by the higher concentration (10" 
*M) of HBR, but not that of the higher concentration (lOmM). 
4.14 Yield characteristics 
Among the yield characteristics mass of 100 seeds and seed yield per 
plant were significant (Table 14). Significantly higher values were recorded 
both for 100 seed mass and the seed yield in the plants grown firom the seeds 
pre-treated with 10'*M of HBR and the respective values were 14.50 and 
25.67% more than the water soaked control. The pre-sowing seed treatment 
with NaCl significantly decreased the values for both the parameters. However, 
the adverse effect of lower concentration (ImM) of NaCl was completely 
overcome by HBR (10 M) and the values were comparable with those of the 
control. 
4.15 Seed protein content 
The seed protein content was significantly enhanced by either of the 
concentrations of HBR (lO'^M/10"^^). Better response was generated by 
10' M (the higher concentration) of HBR and the values, over the control, were 
increased by 9.38%. The treatment with NaCl alone decreased the seed protein 
content and the degree of response was proportionate to its concentration. 
However, the adverse effect of NaCl was overcome by HBR. 
tC © 
en M 
•c ^ 
•*-' S 
o 2 
h 
o 
OS 
1 
O 
r^ 
"^ ^ 
Pli 
PQ 
X 
ja 
•^ 
^ 
/"^ S 
g 
o 
1 - ^ 
o 
» H 
-^^  
^^  U 
es 
Z 
l«M 
o 
<s (S 0) 
o 
e« 
ea 
•^ 4< 
Xi 
H 
• 
1-H 
a 
ja 
c« 
H 
• 
NJ 
S 
s 
.e 
^ 
ik 
<u u G 
JB 
/'~\ 
^ • ^ 
a 
'^ 
a o u 
a 
*S 
•*i^ 
o 
a. 
•o 0) 
0> 
-a 
g ei 
• « - • 
g: 
08 
ja 
•^* 
et 
• (/i 
< 
a 
^ 
o 
U 
« 
«: 
es 
•a « i i 
« c o 
CO d , O 
CO 
CO 
•c 
o 
2 
O 73 
k. O 
3 « 
C CO 
S 73 1 a 
C3 O 
• ^ ^ " ^ H ^^.Mlt. 
o 3 
{/3 73 
CO 
+-> 
1 
-"it 
o 
i n 
CO 
0 0 
7 3 
a 
o 
l-i 
is c o 
U 
SO 
O 
ON 
ON 
o 
o 
•n 
VO 
00 
u 
so 
0 0 
ON 
00 
«n 
o 
o 
•n 
o 
CO 
en 
00 
e 
o 
U 
z 
CO 
en 
«n 
«n 
o 
o 
00 
00 
• 
o 
CQ 
X 
en 
00 
(N 
so 
00 
o 
«n 
o 
OS 
00 
o 
1 
o 
m 
OS 
«n 
CO 
o 
«n 
00* 
+ 
00 
1 
o 
+ 
e 
u 
Z 
so 
C«1 
oo 
OS 
«n 
r4 
o 
•n 
+ 
o 
1 
o 
m 
+ 
a 
u 
Z 
o 
f—«( 
OO 
«n 
en 
o 
o 
+ 
00 
1 
o 
+ 
:^ 
6 
o 
U 
z 
• n 
so 
o 
O 
rn 
en 
OS 
O 
o 
o 
o 
«n 
+ 
O 
1 
o 
1 — 1 
PQ 
+ 
6 
o 
U 
Z 
OO 
sq 
i n 
o 
cn 
o 
i n 
oi 
«n 
OS* 
m 
+ 
s 
u 
z 
+ 
00 
1 
o 
od 
CQ 
1 — 1 
1 — 1 
OO 
cn 
1 - ^ 
o 
o 
i n 
<S 
<n 
m 
+ 
s 
o 
1—t 
u 
ea 
+ 
00 
o 
m 
ON 
SO 
1 — ^ 
OS 
OS 
«n 
m 
cn 
+ 
s 
u 
ca 
+ 
O 
1 
o 
Pi 
CQ 
1 - H 
00 
o 
o 
cn 
OS 
O 
O 
O 
m 
"<t* 
cn 
+ 
6 
o 
u 
ca 
Z 
+ 
o 
1 
o 
P< 
CQ 
X 
cn 
OS 
o 
so 
00 
o 
<n 
czi 
2 
C/3 
13 
> 
«n 
*-• 
ea 
Q c ea 
o 
IS 
c 
o 
on 
Discussion 
ClIAPTI R 5 
DISCUSSION 
Above a certain level, the presence of salt in the soil affects plant 
growth and development. Nearly 20% of world's cultivated area and nearly 
half of the world's irrigated lands are facing the effect of soil salinity. 
Processes such as seed germination, seedling growth and its vigour, 
vegetative growth and flowering and fruit set are adversely affected by high 
salt concentration. It ultimately reduces the economic yield and also the 
quality of produce (Sairam and Tyagi, 2004). However, phytohormones are 
reported to alleviate the ill effect of salinity (Angrish et al., 2001). Among 
them, brassinosteroids, a new class of phytohormones, are also observed to 
overcome the damage caused by biotic and abiotic stresses (Sasse and 
Clouse, 1998; Anuradha and Rao, 2001; Rao et al., 2002; Hayat et al., 
2003). 
In the present observation , the values for nodule number, their fresh 
and dry mass and the activity of nitrogenase (Table 2-5) decreased 
significantly in the plants raised from the seeds, given pre-sowing soaking 
treatment in the aqueous solution of NaCl. In a normal case, successful 
initiation of nodulation and nitrogen fixation by a genetically compatible 
legume - Rhizobium combination has two prerequisites: (a) colonization of 
root surfaces and attachment of rhizobia of the host to roots and (b) infection 
of root hair. There is a clear chance where stress factors, such as soil 
salinity, may have affected either/both of these processes limiting the 
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nitrogen fixation by primarily reducing nodule number (Singleton and 
Bohlool, 1984). 
The development of nodule tissue, following infection, is more 
resistant to salinity and may makeup for the loss of nodule number 
(Singleton, 1983). However, apparently, NaCl stress limits this 
compensatory response, so the total nodule mass declined with nodule 
number (Tables 3 and 4; Singleton and Bohlool, 1984). The microsymbionts 
(i.e. the bacteroid) depend on the host for the supply of the required oxygen 
and photoassimilates which are largely translocated to the nodules in the 
form of sucrose (Gordon et al., 1992). It is metabolized by the bacteria into 
dicarboxylic acid (mainly, malate) which is a preffered respiratory substrate 
(Kim and Copeland, 1996). Although photosynthesis, at the level of the 
host, is inhibited by salt but limitation in the supply of photosynthates does 
not appear to be the limiting factor in determining the level of nitrogenase, 
since stress promotes accumulation of carbohydrate in the nodules (Table 8, 
Fougere et al., 1991; James et al., 1993). Moreover, the decrease in 
nitrogenase activity, under salt stress was found to be associated with a 
decrease in sucrose synthase (SS) expression (Gordon et al, 1997). Another 
possible explanation for the inhibition of nitrogenase activity is the limited 
supply of malate to bacteroid under saline conditions (Delgado et al., 1993). 
The production of malate in legume nodules is mediated by the activities of 
phosphoenolpyruvate carboxylase (PEPC) and malate dehydrogenase 
(MDH). However, PEPC increases in the nodules of pea (Delgado et al., 
1993) and that of alfalfa under draught stress (Irigoyen et al., 1992a). 
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The pre-sowing soaking in the aqueous solutions of HBR increased 
nodulation (Table 2), nodule fresh and dry mass (Table 3 and 4) and 
nitrogenase activity (Table 5) and also overcame the ill effect of salinity on 
various parameters studied. 
Establishment, development and efficiency of the symbiotic root 
nodules is to a large extent regulated by phytohormones (Dart, 1977; 
Hopkins, 1995). Exogenous application of lAA to alfalfa (Gruodien and 
Zvironaite, 1971) and that of NAA to groundnut (Srinivas and Gopal, 1977) 
promoted nodulation/nodule mass in the latter. Cytokinins enhanced the 
efficiency of nitrogen fixation in pea (Nandwal and Bharti, 1992). Similarly, 
leaf applied GA3 increased the nitrogenase activity in groundnut (Bishoi and 
Krishna, 1970). Brassinosteroids also improved nodulation and nitrogenase 
activity in Arachis hypogea (Vardhini and Rao, 1999). Moreover, BRs are 
also known to enhance the level of RNA and DNA polymerase and that of 
total DNA, RNA and protein in mungbean and bean (Kalinich et al., 1985) 
which suggests its involvement in transcription and/or translation that could 
be the reason to explain the observed increase in nitrogenase activity (Table 
5), Another justification for BR action on the nitrogenase activity could 
have been mediated by enhanced sucrose synthase activity (Yu et al., 2004). 
Leghemoglobin content in the nodules of the plants raised from the 
seeds pre-treated with NaCl decreased, compared with the control, and is 
proportionate to the nitrogenase activity (Table 6). Similar findings have 
been reported in Medicago sativa, (Becana et al., 1986; Irigoyen et al., 
1992b) and Vicia faba (Guerin et al., 1990). However, pre or followup 
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treatment with HBR proved fruitful and generated the values comparable 
with the control. However, the use of HBR alone significantly increased 
pigment content, over the control, that may be because of the activation of 
DNA and RNA polymerase activity and/or the contents of DNA, RNA and 
protein (Kalinich et al., 1985; Bajguz, 2000 and Khripach et al., 2003). 
The salinity imposes certain restrictions on the plasmamembrane 
not to allow the transport of fixed nitrogen (Hopkins, 1995). This may be 
possible cause for the increase in the contents of Nitrogen and carbohydrate 
in the nodules of plants raised from the NaCl-treated seeds. (Tables 7 and 8). 
Ram et al. (1989) also correlated the salt induced accumulation of nitrogen 
to impedance in normal outward movement of fixed nitrogen from the 
nodules. Such restrictions were also noticed to some extent in roots but not 
in stem. 
The incorporation of the organic nitrogen (i.e. NH4) in the nodules 
is accomplished by glutamin synthase cycle, a pathway involving the 
sequential action of two enzymes; glutamin synthetase (GS) and glutamate 
synthase (GOGAT). The activity of both these enzymes is reduced by 
salinity (Cordovilla et al., 1994; Soussi et al., 1998),. This will naturally 
lead to the accumulation of organic nitrogen in the nodules (Table 7) The 
activity of the enzymes, (nitrogenase, GS and GOGAT) is energy dependent 
(Hopkins, 1995) but some how the level/effectiveness of all these enzymes 
is partially inhibited by salinity (Table 5, Cordovilla et al., 1994; Soussi et 
al., 1998, 1999), therefore, carbohydrates remain unutilized and accumulate 
in the nodules (Fougere et al., 1991; Gordon et al., 1997 and Table 8). 
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Moreover, Gonzalez et al. (1995) has positively correlated the carbohydrate 
level with the reduced level of the enzymes involved in carbohydrate 
breakdown under draught stress. It is well established that BRs have 
profound influence on transcription and/or translation (Kalinich et al., 1985; 
Mandava, 1988; Bajguz, 2000). It may have resulted in the synthesis and/or 
activation of enzymes (GS, GOGAT and hydrolases) and nitrogenase 
(Vardhini and Rao, 1999) leading to the incorporation of the organic 
nitrogen by making more and more energy available by the breakdown of 
the carbohydrates. The level of nitrogen and that of carbohydrates in the 
nodules of the plants raised from the seeds pre-treated with HBR alone or in 
association with NaCl decreased (Tables 7 and 8). Moreover, high metabolic 
state and the stability in the membrane structure that is negatively correlated 
with draught stress (Shen et al., 1990) may have been corrected by HBR 
alone or in association with NaCl (Tables 7 and 8). 
The leaves of the plants raised from the seeds pre-treated with NaCl 
exhibited lower level of activities of NR and CA (Tables 9 and 10) 
compared with the control. This could be an expression of enzyme inhibition 
and metabolic disfunction (Hopkins, 1995). The salinity also retards the 
uptake of NO3 (Aslam et al, 1984), the substrate and the inducers of nitrate 
reductase (Afridi and Hewitt, 1964), resulting in the decline of the activity 
of NR (Table 8). However, salinity induced inactivation of Rubisco (Soussi 
et al., 1998) could have been the cause of low CA activity (Table 10). 
Moreover the reduction in net photosynthetic carbon metabolism, leaf 
chlorophyll content and the photosynthetic efficiency (Seeman and 
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Critchley, 1985; Sharkey et al., 1985) may also be assigned as the reason for 
the low CA activity. However, the activity of both the en2ymes (NR and 
CA) increased in the leaves of the plants raised from the seeds, soaked in 
HBR alone or in association with NaCl (Tables 9 and 10). BRs are known to 
have a profound influence on transcription and/or translation (Kalinich et 
al., 1985; Mandava, 1988; Bajguz, 2000) and the uptake of NO3 (Mai et al., 
1989). A cumulative effect generated is possibly in the form of increased 
NR and CA activity which is in conformity with Mai et al. (1989), Shen et 
al. (1990), Singh et al. (1993), Hayat et al. (2000 a,b,2001) and Hayat and 
Ahmad (2003). Reddy and Vora (1986) have assigned the role for decreased 
chlorophyll content (Table 11) under stress to chlorophyllase, the enzyme 
that degrades the chlorophyll molecule. Similar observations have also been 
made by Soussi et al. (1999) and Sultana et al. (1999). However, HBR 
enhanced the chlorophyll content and partially reversed the ill effect 
imposed by NaCl stress .(Table 11). Other studies have also revealed an 
increase in the chlorophyll content in response to BR application (Braun and 
Wild 1984; Bhatia and Kaur, 1997; Hayat et al, 2000, 2001a; Fariduddin et 
al, 2003 and Yu et al., 2004). This act of BRs may be due to induced 
synthesis of the enzymes involved in chlorophyll synthesis as BRs have an 
impact on transcription and/or translation (Kalinich et al, 1985). 
The plants under stress, synthesize specific proteins that generate 
salt tolerance (Chen and Plant, 1999) through the mediation of ABA 
(Zeevaart and Creelman, 1988). It was, therefore, quite natural that in the 
present study NaCl treatment enhanced the protein level in the resulting 
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plants (Table 12). Salinity generated protein synthesis has also been reported 
by others (Ericson and Alfinito, 1984; Singh et al., 1985; Ramagopal, 
1987a; Harkman and Tanaka, 1987; Claes et al., 1990; Chen and 
Tabaeizadeh, 1991; Moons et al., 1995; Chen and Plant, 1999). Moreover, 
the rise in protein level was quiet prominent in the plants raised from the 
seeds treated with HBR, possibly because of its impact on the process of 
transcription and/or translation (Kalinich et al., 1985; Mandava, 1988; 
Bajguz, 2000). The stress (salt/water) is naturally expressed by the plants in 
the form of an increase in its proline content (Prez-Alfocea et al., 1994; 
Fedina and Popova, 1996), and that is why NaCl increased its level (Table 
13). The accumulation of organic solutes, under saline conditions (Soussi et 
al., 1998, 1999) is proposed to be involved in the protection mechanisms 
such as restoration of cell volume and turgor, the reduction of cell damage, 
induced by free radicals, the protection and stabilization of enzymes and 
membrane structures (Tirnasheff and Arakawa, 1989). Moreover, proline is 
also considered as a compatible osmoticum involved in osmotic adjustment 
and salt resistance (Fougere et al., 1991; Irigoyen et al., 1992b; Delauney 
and Verma, 1993; Yeo, 1998; Bohnert et al., 1999). However proline 
content in the plants raised from the seeds, pre-treated with HBR alone/in 
combination with NaCl, decreased (Table 13). It could possibly be a 
cumulative expression of ameliorative character of BRs in stressed plants 
(Hamada, 1986) and/or the action of BRs in maintaining the structure and 
the process of osmoregulation, at the level of the membrane (Wang and 
Zeng, 1993). Improvement of salt tolerance in rice (Takematsu et al., 1986; 
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Takeuchi, 1992) and a protective effect on the ultra structure of barley leaf, 
by 500 mM NaCl (Kulaeva et al., 1991). 
The salt (NaCl) stress significantly reduced seed yield per plant and 
100 seed weight (Table 14). The reduction in the yield may be the 
consequence of varied reasons, including low nitrogen fixation (Lauter and 
Murins, 1986; Elsheikh and Wood, 1990; Soussi et al., 1998; Table 5), 
nitrogen metabolism (Aslam et al., 1984), less chlorophyll content (Soussi et 
al., 1998, 1999, Table 11), low nibisco activity (Soussi et al., 1999), net 
photosynthetic rate (Longstreth et al., 1984). The reduction in seed weight 
may be due to low translocation of assimilates from the source (Sultana et 
al., 1999). Similar observations, under salt stress, have also been reported by 
others (Imaba, 1973; Balasubramanian and Sinha 1976a; Siddiqui and 
Kumar, 1985; Ram et al., 1989). HBR alone, on the other hand, increased 
seed yield, seed weight and seed protein content (Table 14) and also 
partially ameliorated the ill effect caused by NaCl. This may be a 
cumulative response of the enhanced nitrogen fixation by nitrogenase (Table 
5; Vardhini and Rao, 1999), NO3 assimilation (Mai et al., 1989), 
photosynthesis (Mai et al., 1989, Shen et al., 1990; Hayat et al., 2001a), 
translocation of photosynthates (Fujii et al., 1985; Petzold et al., 1992), 
protein synthesis (Kalinich et al., 1985; Mandava, 1988; Bajguz, 2000). 
Besides having an impact on different metabolic activities, BRs also 
enhance mineral and water uptake, resulting in increased growth and the 
final yield (Sairam, 1994). 
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Volkenburg and Bayer (1985) are of the opinion that the salt stress 
modifies the biochemical changes taking place at the level of cell wall, 
during growth, thereby preventing its extension. However, BRs act at 
multiple points. They enhance water uptake (Ali et al., personal 
communication) by promoting membrane permeability and concentration of 
osmotically active solutes (Kaufman and Ross, 1970), specific action on 
transcription and/or translation (Table 9, Kalinich et al., 1985; Mandava, 
1988; Bajguz, 2000) and/or cell division and their elongation (Mussing and 
Altmann, 1999). Therefore, BRs, partially overcome the ill effect generated 
by salt stress, at various physiomorphological characteristics of the cultivar. 
Concluding Remarks 
This study reveals : 
(i) The most significant data was generated in the plants raised from 
the seeds pre-soaked in lO'^ M of HBR alone. 
(ii) Salinity affected the physiomorphological characteristics of the 
plant. Out of the two concentrations, higher concentration of NaCl 
(lOmM) was most inhibitory. 
(iii) Both the concentrations of HBR (10'* or lO '^Vl) partially ameliorated 
the adverse effect of NaCl stress, however, lO'^ M, the higher 
concentration, proved more beneficial, in overcoming the effect of salt. 
(iv) The soaking treatment with HBR prior to that of NaCl proved better 
than the vice versa. 
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Appendix 
APPENDIX 
1. Preparation of reagents for leghemoglobin estimation 
1.1 Sodium phosphate buffer (pH 7.4): 
It was prepared by separately dissolving 13.9 g of NaH2P04 and 
26.82 g of Na2HP04 in sufficient DDW to make the volume of each 
solution to 1000 cm .^ These solutions were mixed in the ratio of 
19:81, respectively, 
1.2 Alkaline pyridine reagent: 
It was prepared by dissolving 0.8g of NaOH in 50 cm^ of DDW and 
allowed to cool. 33.8 cm^ of pyridine was added to it and diluted to 
100 cm^ with DDW. This produced 4.2 M pyridine in 0.2M NaOH. 
2. Reagents for nitrogen estimation 
2.1 2.5NNaOH: 
5 g of NaOH was dissolved in sufficient DDW and final volume 
was maintained upto 100 cm .^ 
2.2 10% sodium silicate : 
10 g sodium silicate was dissolved in 100 cm^ DDW. 
3. Preparation of reagents for carbohydrate estimation 
3.1 I.5NH2SO4: 
40.8 cm^ of concentrated H2SO4 (AR) was pipetted into sufficient 
DDW and final volume was made upto 1000 cm^ using DDW. 
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3.2 5% phenol : 
50 g of distilled phenol was dissolved in sufficient DDW and final 
volume was made upto 1000 cm^ by DDW. 
4. Preparation of reagents for nitrate reductase (NR) activity 
4.1 0.1M phosphate buffer (7.4 pH) 
27.2 g of KH2PO4 and 45.63 g of K2HPO4.7H2O were dissolved 
separately in 1000 cm^ of DDW. The above solutions of KH2PO4 
and K2HPO4.7H2O were mixed in the ratio of 16:84. 
4.2 0.2M KNO3: 
20.2 g of KNO3 was dissolved in sufficient DDW and final volume 
was made upto 1000 cm ,^ using DDW. 
4.3 5% Isopropanol : 
5 cm^ of isopropanol was pipetted into sufficient DDW and final 
volume was made upto 100 cm ,^ using DDW. 
4.4 1% sulphanilamide : 
Ig of sulphanilamide was dissolved in 100 cm^ of 3N HCl. 3N HCI 
was prepared by dissolving 25,86 cm^ of HCl in sufficient DDW 
and final volume was maintained to 100 cm ,^ by using DDW. 
4.5 0.02% N-1 -nephthyl-ethylenediamine dihydrochloride (NED-HCl) : 
20 mg of NED-HCl was dissolved in sufficient DDW and final 
volume was made upto 100 cm ,^ by using DDW. 
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5. Preparation of reagents for estimation of carbonic anhydrase 
(CA) activity 
5.1 Cystein hydrochloride solution (0.2M): 
48 g of cystein-HCl was dissolved in sufficient DDW and final 
volume was made upto 1000 cm ,^ by using DDW. 
5.2 Sodium phosphate buffer : 
27.8 g NaH2P04 and 53.65 Na2HP04 was dissolved each separately 
in sufficient DDW and final volumed was made 1000 cm^ 51 cm^ 
of NaH2P04 and 49 cm^ of Na2HP04 were then mixed to get the 
required solution. 
5.3 Alkaline sodium bicarbonate solution : 
16.8 g sodium bicarbonate (NaHCOs) was dissolved in aqueous 
0.2M NaOH solution [0.8 g NaOH (1000 cm^)"'] and final volume 
was made upto 1000 cm ,^ by using DDW. 
5.4 0.002% bromothymol blue : 
0.002 g of bromothymol blue was dissolved in sufficient DDW and 
final volume was made upto 100 cm^ by using DDW. 
5.5 O.OINHCI: 
0.86 cm^ of pure HCl was pipetted in sufficient DDW and final 
volume was made upto 1000 cm^ by using DDW. 
5.6 Methyl red indicator : 
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8.3 Reagent A : 2% sodium carbonate (2 g dissolved in 100 cm^ DDW) 
and O.IN NaOH (4g NaOH dissolved in 1000 cm )^ were mixed in 
the ratio 1:1. 
Reagent B : 0.5% copper sulphate (500 mg CUSO4 dissolved in 100 
cm )^ and 1% sodium tartarate (1 g sodium tartarate dissolved in 100 
cm^ DDW) were mixed in the ratio 1:1. 
Reagent C : 50 cm^ of reagent A was mixed with 1 cm^ of reagent 
B, except omission of sodium hydroxide. 
8.4 Folin's phenol reagent: 
The reagent obtained from Loba Chemie Pvt. Ltd., Mumbai, India, 
was diluted by DDW in the ratio 1:2. 
